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INTRODUCTION

Fiscal Year 1984 marked the fifth anniversary of the Division of Biological
Energy Research (BER). The Division's program fulfills the need in the
Department of Energy for a fundamental biological research activity designed
to generate the information essential to development of biosystems related
to energy matters. The research areas that the BER program supports are
primarily in the bioconversion realm with primary emphasis on basic
mechanistic studies.

In the five years of its existence, the BER program has been instrumental in
enhancing the research activities in a number of specific areas of
importance to the program. Most notable of these are: i) basic studies on
methanogenesis, including the physiology, genetics and biochemistry of
methanogens and of organisms that tie into the anaerobic digestion
processes; ii) mechanisms of microbial breakdown of cellulose and other
members of the lignocellulosic complex; iii) the plant cell wall, its
structure and function; and iv) the biochemical changes associated with the
responses of plants and microorganisms to physical stresses, temperature,
moisture, pH and salinity.

Other major areas of emphasis in the botanical and microbiological areas, as
will be noted on reading this report, include:

1) photosynthesis, the primary conversion of solar to chemical energy
as carried on by green plants and bacteria.

2) the regulatory processes in growth and development of plants that
determine ultimate productivity.

3) the metabolic regulatory mechanisms in plants that determine how the
photosynthetic assimilated resources are utilized.

4) bioconversions by microorganisms involving fermentation mechanisms.

5) anaerobic and/or thermophilic microbial conversion mechanisms leading
to materials useful as fuels or industrial chemicals.

6) the genetic and cellular processes that will serve as the foundation
for genetic manipulation of plants and microorganisms in the future.

7) the basis of organismal interactions in symbiosis, host-pathogen and
other interrelations with emphasis on recognition as well as information and
metabolic transfer mechanisms.

The BER program is constantly evolving as the status of research problems
changes, as new techniques and approaches to problems are developed, and in
response to the changing perceptions of national research needs and
opportunities.

Among the facets of the BER program that are considered of significance are
the various efforts to improve or modify research techniques and tools for

research in the plant and microbial sciences. This includes, where possible
and appropriate, the employment of relatively sophisticated instrumentation



to attack problems. In areas where the pool of available researchers is
small, opportunities are provided for training. For example, BER has been
providing support for introducing both undergraduate and graduate students
to the intriguing world of the microbiology of non-medical anaerobic
organisms, including microbial ecology, through the partial support of a
summer research and training program at the Marine Biological Laboratory at
Woods Hole, Massachusetts.

As has been the case since the beginning of the BER program, there has been
an effort made to support, wholly or partially, workshops,'symposia, and
conferences on topics that are appropriate to the program. It is felt that
such scientific meetings are critical for exchange of results and ideas,
but, in additiomn, to provide forums to pursue - topics in depth and to
stimulate research and sometimes provide the setting for the generation of
new approaches as well as for encouraging collaborations. The activities
supported in FY 1984 included:

A) American Society for Microbiology - partial funding for a
conference on "Genetics and Molecular Biology of Industrial Microorganisms”
September 30-October 3, 1984, at Indiana University, Bloomington, lndiana.

B) University of California, Davis - partial funding of conference on
"Molecular Basis of Plant Disease" August 19-23, 1984, at the University of
California, Davis.

C) University of California, Davis - partial funding of conference on
"Bicarbonate Utilization by Photosynthetic Organisms” August 18-22, 1984, at
Asilomar Conference Center, Pacific Grove, California.

D) University of California, Riverside - partial funding for 7th
Annual Symposium in Plant Physiology entitled "Structure, Function and
Biosynthesis of Plant Cell Walls”, January 12-14, 1984, University of
California, Riverside.

E) VUniversity of Illinois, Urbana - partial funding of conference
“"Plasmids in Bacteria”, May 14-18, 1984, University of Illinois, Urbana.

F) University of Minnesota - partial funding for "Implications of
Molecular Genetics In Plant Breeding Symposium”, June 4-6, 1984, University
of Minnesota, St. Paul.

G) University of Tennessee — partial funding of "Plant Tissue Culture
Symposium"”, September 9-13, 1984, University of Terinessee, Knoxville.

H) Cold Spring Harbor Laboratory - partial funding of a meeting on

"Molecular Biology of the Photosynthetic Apparatus",AMay 9-13, 1984, Cold
Spring Harbor, New York.
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One particularly interesting and exciting workshop convened by BER was held
20-21 May 1984 to discuss the importance of complex carbohydrates in
biological research and industrial processes. The principal focus was on
analytical techniques for determining sequence and conformation of complex
carbohydrates which are tremendously more difficult than analyses of either
proteins or nucleic acids. The participants expressed the view that complex
carbohydrates are being appreciated to have many more significant roles in
biological function and in industry, (this recognition is expected to grow),
and that structural information is now achievable with some very powerful
and sophisticated, but expensive, techniques. The conclusion was that
within the next few years, a small network of regional research and service
centérs for performing these analyses should be established. Such
structural information should impinge on an extraordinarily broad array of
disciplines and accordingly should stimulate the interest of many
investigators in the scientific community.

Some representative contributions from investigators supported by BER
funding may be highlighted: :

a) Significant new insights about how gas exchange occurs in plants
adapted to flooded conditions have been attained using deep water rice as a
model. Leaf surface contours were shown to be critical for the diffusive
transport of oxygen to roots while other reactions involving ethylene
stimulated growth were demonstrated to be integrated into an adaptive
pattern for adjusting to flooding stress.

b) The role of phosphorylated proteins in photosynthesis regulation is
now much more evident as a result of some investigations on the control of
the activity balance of the two photosystems in photosynthesis. The light
harvesting chlorophyll a/b-protein complex appears to be phosphorylated by a
kinase that is -activated and deactivated depending on the oxidation-
reduction state of the plastoquinone pool. This mechanism thus affords a
more balanced distribution of excitation energy between Photosystems 1 and
II.

¢) During the course of the development of the microbial activity
within an anaerobic digestor where methane gas is produced, it has been
observed that the microbial populations change appreciably before
stabilization is achieved. These dynamics have now been documented. The
development of highly specific immunologic agents produced against various
species of methanogenic bacteria has made identifications easier, faster and
more reliable.

d) Working collaboratively with investigators in Belgium, one BER
investigator has succeeded in the transfer of DNA coding for the synthesis
of one of the major photosynthetic proteins (small subunit of ribulose 1,5
bisphosphate carboxylase) from one plant to another species of plant and
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having the message expressed. What is intriguing is that the DNA message
transferred also contains coding for a light receptor that governs the
development of chloroplast proteins. This finding affords new opportunities
for studying developmental reactions that are controlled by light.

During FY 1984 the funds available to the BER program were distributed as
follows:

FY 84 % of
Funding Total

# of Projects (in thousands of §) Funds

University Contracts & Grants 83 5924 56
Michigan State University 11 1750 17

Plant Research Laboratory

National Laboratories 12 2191 21
Brookhaven National Lab
Lawrence Berkeley Lab
Oak Ridge National Lab

Solar Energy Research Institute 1 105 1

Other Research Institutions 8 454 4
(federal, state, industrial,
non-profit)

Conferences and miscellaneous 10 96 1

TOTAL 125 10520

In FY 1984, a total of 86 new research proposals were received. Of these
proposals, 15 were funded over and above the on-going projects. It must be
pointed out that numerous fine proposals, judged to be worthy of funding in
the review process, could not be accommodated into the program because of
lack of funds. On-going projects are peer reviewed, usually on a three-year
rotation and in competition with new proposals.

The proposal review process, site visit reviews, and other review activities
in ¥Y 1984 for the BER program involved over 550 scientists in this country
and abroad. These individuals represented a broad cross section of
disciplines as well as institutions. Without these many contributions by the
research community, the BER program could not achieve and maintain the
quality program that exists. For the many, many hours of effort that went
into these reviews, we thank those involved most sincerely.
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Any questions pertaining to the technical aspects of any research project
should be addressed to the principal investigator.

Questions about the overall Biological Energy Research program should be
directed to:

Dr. Robert Rabson

Division of Biological Energy Research
Office of Basic Energy Sciences, ER-17, GIN
U. S. Department of Energy

Washington, D. C. 20545

Phone: (301)353-2873



1. U.S. DEPARTMENT OF AGRICULTURE
Ithaca, New York 14853

REGULATION OF EXPRESSION OF A SOYBEAN STORAGE PROTEIN $43,000
SUBUNIT GENE

John F. Thompson and James T. Madison

Plant, Soil and Nutrition Laboratory

The goal of this research is to learn the mechanism by which added methionine turns off the expression
of one soybean storage protein subunit gene. When immature soybean cotyledons are grown in organ
culture, the addition of methionine to the culture mediuwm prevents the appearance of the # subunit of
the 7S storage protein. Cotyledon culture experiments have led to the following conclusions. First,
the effect of methionine persists for at least three weeks. Second, the methionine effect is
reversible since the B-subunit increased normally after removal of methionine. Third, methionine does
not promote the degradation of the B8-subunit. When methionine is present in the cotyledon culture
medium, no translatable B-subunit mRNA is detected [Creason, Holowach, Thompson and Madison, Riochem.
Biophys. Res. Commun. 117, 658-662 (1983)] indicating that methionine inhibits transcription or the
processing of the initial transcript. Effects of methionine on translation or on the turnover of
B-subunit mRNA appear to be minor. Hence the next step is to learn whether methionine inhibits
transcription or a post-—transcriptional modification of the initial transcript.

2. BATTELLE-C.F. KETTERING RESEARCH LABORATORY
Yellow Springs, Ohio 45387

THE BASIS FOR THE COMPETITIVENESS OF RHIZOBIUM JAPONICUM $78,000
IN THE NODULATION OF SOYBEAN
Wolfgang D. Bauer and William R. Evans

The objective of this research is to identify characteristics of the nitrogen-fixing bacterial symbiont,
Rhizobium japonicum, which are crucial to its ability to compete effectively as a seed inoculant against
indigenous rhizobia in nodulating the host plant, soybean. The ability of the bacterium to attach to the
host root is likely to be an important characteristic with regard to both colonization of the root sur-
face and the initiation of infections. The variables affecting root attachment capabilities are being
determined. Attachment appears to be primarily mediated by bacterial pili (fimbriae) rather than binding
of host root lectin. Antibodies against purified pili have been obtained and are being used to screen
for mutants with altered attachment capabilities. Such mutants will be used to rigorously test the role
of pili and attachment in competition. Quantitative nodulation assays have revealed that various strains
of R. japonicum have markedly different efficiencies of nodulation, and that such efficiency depends on
culture age. Various results indicate that nodulation efficiency, i.e. the number of bacteria required
to generate a given number of nodules, may be related to synthesis of exopolysaccharide capable of binding
soybean lectin. Transposon induced mutants of the bacteria are being screened for isolates incapable of
synthesizing such polysaccharide in order to test this notion and its relevance to competition between
strains. All Bradyrhizobium isolates tested thus far are able to remdin viable and infective upon pro-
longed storage in 'pure" water. We are seeking to identify the nutrients that support such viability to
assess their use in inoculum preparation.




3. BOYCE THOMPSON INSTITUTE
Cornell University, Ithaca, New York 14853

CARBON METABOLISM IN LEGUME NODULES $42,000
Thomas A. LaRue

Symbiotic nitrogen fixation in legume nodules consumes more photosynthate than can be accounted for by
the known energy requirements for nitrogenase. The object of our research is to determine how the
legume nodule metabolizes carbohydrate to provide energy and reductant for nitrogen fixation. Because
the plant cells within a nodule contain very little free oxygen, we are investigating the possible role
of anaerobic pathways of carbohydrate metabolism.

We have established that plant enzymes characteristic of anaerobic metabolism do occur in nodules, and
that the nodule contains low concentrations of alcohol and acetaldehyde. Both these carbon compounds
can be used by the bacteroid to provide energy and reductant for nitrogen fixation.

Succinic acid is a major constituent of nodules, and is a substrate for the bacteroids. We are now
determining if it synthesized by an aerobic or anaerobic pathway. We are studying the mitochondria
isolated from nodules to learn how they function at the low concentration of oxygen. The oxidation
and reduction of flavoproteins and pyridine nucleotides in intact mitochondria and bacteroids is
monitored in situ by changes in their fluorescence.

4. BRANDEIS UNIVERSITY
Waltham, Massachusetts 02254

EFFECT OF LIGHT ON RESPIRATION AND DEVELOPMENT OF $55,215
PHOTOSYNTHETIC CELLS

Martin Gibbs

Institute of Photobiology

One goal of this project is to determine the pathways of fermentation in algae with emphasis .on
organisms adapted to a hydrogen metabolism. The pattern of starch fermentation (mole product per mole
glucose in starch consumed) in light vs dark is: ethanol 0.1, 0.9; acetate 0.0, 1l.; formate 0.9,

2.1; CO2 2.5,0: and H, 6.9, 0.4. In light, DCMU decreases C02 and Hy, increases formate while having
little effect on the other products or the rate of starch breakdown. Both the uncoupler, FCCP and
DBMIB, an inhibitor of plastoquinone,doubles the rate of starch breakdown. The former increases ace-
tate and H, photoevolution but not ethanol production while DBMIB increases ethanol production to

1.2 and reguces H2 photoevolution. Alcohol and CoA dependent acetaldehyde dehydrogenases are found in
cellular extracts. Light redirects C and H flow at the level of two carbon metabolism. In light,
acetyl CoA is used anaerobically in biosynthes$is: glycolytic NADH, the result of triose-P oxidation
is channeled to plastoquinone and H, at the expense of ethanol and this route of chloroplast res-
piration is reversed by DBMIB removgng the rate limiting step of pyridine nucleotide turnover. Iso-~
lated chloroplasts couple Hy uptake to CO2 assimilation (photoreduction) in the presence of DCMU at
rates one-third of the parent cell. Photoreduction in contrast to photosynthesis is inhibited by
rotenone suggesting that electrons from H,, donated at the level of plastoquinone are required for
photoreduction to occur. Current studies %nclude enzyme profiles in order to determine if the
fermentation sequence is chloroplast-localized and the pathways of Hy in photoreduction and the
oxyhydrogen reaction are also chloroplastically localized.



5. UNIVERSITY OF CALIFORNIA
Riverside, California 92521

CATALYTIC MECHANISM OF HYDROGENASE FROM AEROBIC N,=FIXING $45,000
MICROORGANISMS

Daniel J. Arp
Department of Biochemistry

This project deals with elucidation of the catalytic mechanism of hydrogenase from aerobic No-fixing
organisms. Several properties of these hydrogenases make them ideal to function in an environment in
which all of the available substrate is generated in situ, e.g., a very low rate of the back reaction,
hydrogen evolution, and a low Ky for Hjy. We are particularly interested in the enzyme from Rhizo-
bium-induced root nodules because of the potential for increased legume productivity in symbioses
expressing this enzyme. The specific goals of the proposed research are fourfold: to l. determine the
mechanism of the isotope exchange reaction of Rhizobial hydrogenase; 2. investigate Rhizobial hydro-
genase catalyzed para-Hj to ortho-H; conversion; 3. purify and characterize component 559-Hy from soy-
bean bacteroids and investigate its ability to couple to and form a complex with Rhizobial hydrogenase;
and 4. purify and characterize the hydrogenase of Azotobacter vinelandii. The proposed research will
provide insight into the mechanism of hydrogen uptake by Rhizobial and Azotobacter hydrogenase which,
in turn, will lead to a better understanding of Hy cycling in these organisms. This information is
important to genetic engineering of new strains and may lead to improved techniques for selecting the
best strains of Rhizobium for inoculation. The results may lead to new assays for hydrogenase activity
and may provide new information about the structural organization of the bacteroid wmembrane. Our
knowledge and understanding of hydrogenases in particular, and electron transferring proteins in
general, should be significantly enhanced by these studies.

6. UNIVERSITY OF CALIFORNIA
Los Angeles, California 90024

ENERGY CAPTURE AND USE IN PLANTS AND BACTERIA $87,000
Paul D. Boyer
Department of Chemistry and Biochemistry and
Molecular Biology Institute

This study focuses on what is probably, -quantitatively, the most important biological energy transduction
in nature, namely the formation of adenosine triphosphate (ATP) by plants and bacteria. The formation of
ATP by the membrane-bound ATP synthase complex is coupled to energy provided by liyht or by oxidation of
metabolites. Our laboratory has had a leading role in developing an energy-linked binding change
mechanism that appears to offer the best present model for how the ATP synthase functions.

Current hypotheses that are being explored are: 1) that energy serves to promote binding of ADP and P
and release of ATP by the synthase, 2) that multiple catalytic subunits on the enyzyme participate in
cooperative alternation, and 3) that during catalysis there is a rotational change in position of the
catalytic subunits in relation to the noncatalytic core. In addition, we have proposed a new hypothesis
for how energy transmission from electron-transport enzymes to the ATP synthase might occur.

We are undertaking studies with the chloroplast system on: The heterogeneity of conformation of the
catalytic subunits; the nature of the Ca2* as contrasted to Mg2* activation; the spatial locations and
reactivity of subunits during catalysis; which subunits are derivatized by inhibitors and substrate
analogs; whether two or three catalytic sites operate in alternation; and finally, subunit positional
interchanges by assessment of derivatization with fluorescent and related probes. With the E. coli ATP
synthase we are studying the catalytic properties of mutant forms of the enzyme, to ascertain the
function of various subunits by dissociation and reconstitution, and to develop methods for specific
cross-links between subunits as tests for possible subunit spatial relationships during catalysis.




7. UNIVERSITY OF CALIFORNIA
Davis, California 95616

FLUORESCENCE PHOTOBLEACHING MEASUREMENTS OF : $60,000
PLANT MEMBRANE VISCOSITY: MECHANISMS OF
RESISTANCE TO ENVIRONMENTAL STRESS

R. W. Breidenbach, D. W. Rains, and M, J, Saxton

Plant Growth Lab/Agronomy and Range Science

The purpose of this project is to examine the role of the plasma membrane and tonoplast in determining
the responses of different crop species to temperature and salinity: two factors strongly limiting plant
productivity. The experiments use fluorescence photobleaching recovery to compare the lateral diffusion
rates of proteins and lipids in the membranes of plants differing in their sensitivity to chilling tempera-
tures or high concentrations of salts. Membrane viscosities of sensitive and resistant plants are being
compared at various temperatures and sait concentrations. Since many important cellular processes may
depend directly upon lateral motion of membrane proteins, this approach provides a direct measure of the
relation between the physical properties of the membrane and plant responses to environmental stresses.
Understanding of this relationship will provide useful strategies for developing tolerant new plant vari-
eties for production of food, fuel and chemicals.

The techniques we will use will also enable us to examine two other problems in plant biophysics:

1) The effect of the cell wall on lateral diffusion rates
2) The mechanisms by which certain polysaccharide fragments trigger the synthesis by the plant of
defensive compounds against funga! attack.

8. UNIVERSITY OF CALIFORNIA
Berkeley, CA 94720

THE REGULATION OF ENZYME SECRETION IN PLANT CELLS $85,000

Russell L. Jones
Department of Botany

The aim of this project is to achieve an understanding of the events in cereal aleurone which are con-
trolled by Ca’* and to determine how this ion is metabolized. Our investigation of the control of hydro-
" lytic enzyme synthesis and secretion focuses on a- amylase. oa-Amylase is present in barley as four dis-
tinct 1soenzymes, and we have shown that the de novo synthesis of two of these isoenzymes is controlled
in part by Ca®t and the plant hormone glbberelllc acid (GA). We have prepared a cDNA clone from

poly (AT)RNA isolated from aleurone layers treated with GA plus Ca?t for 12h. We have characterized this
clone and shown that it is complementary to RNA which codes for one of the a-amylase polypeptides whose
synthe51s is controlled by GA plus Ca®?*. We will use this cDNA clone to investigate the role of GA and
ca®t in a-amylase gene expression. A project is also underway to prepare monoclonal antibodies to all
four a-amylase isoenzymes. Although polyclonal antibodies have been raised to a-amylase, they cannot
distinguish between closely related isoenzymes. Monoclonal antibodies will also be used to study the
synthesis of barley a-amylase. We will isolate mRNA from aleurcne layers incubated in the presence or
absence of GA or Ca?t and translate these mRNAs in vitro. The translation products will be identified
using monoclonal antibodies. These experiments should pinpoint the site(s) where GA and Ca?t control
the de novo synthesis of a-amylase. Experiments are also in progress to study the metabolism of Ca?t,

We have shown that aleurone layers contain apprec1able levels of Ca®t(0.08% of aleurone dry weight).
Eighty percent of this Ca?t is bound to Ca?t -binding ligands, but 20% is readily exchangeable. We are
studying the metabolism of this pool with emphasis on its intracellular localization. The control of
the transport of Ca 2% into and out of this pool is also under study.



9, UNIVERSITY OF CALIFORNTIA
Irvine, California 92717
Berkeley, California 94720

BIOENERGETICS OF SALT TOLERANCE $142,000

Janos K. Lanyi -

Dept. of Physiology and Biophysies, UC Irvine
Lester Packer

Dept. of Physiology and Anatomy, UC Berkeley

We are investigating the bioenergetics of salt tolerance with respect to 1on transport
across membranes, redirection of metabolic pathways for increased synthesis of
osmoregulatory compounds, replacement of some salt sensitive components with salt
resistant ones, and the signals which turn these processes on and off during salt stress.
We have developed and adapted methods to study these phenomena mainly in two systems, each
suited to answer specific questions. In the membranes of Halobacterium halobium and the
cyanobacterium, Synechococcus 6301, we are studying the active and passive transport of
sodium, potassium and chloride ions, and the regulation of the transporters. Particular
attention i1s paid to sodium transport via a sodium/proton antiporter in the
cyanobacterium, as related to adaptation to growth at low and high salinities. 1In the
Synechococcus we explore also the cytoplasmic events which occur during short-term
adaptation to salt. 1In the thylakoids of this organism we are attempting to describe
features of the photosynthetic apparatus which are changed by salt stress. Results with
these two systems so far have yielded interesting and promising results. Using this
multi-organism approach, we intend to develop the conceptual basis for a refined
description of the physiology of cellular and membrane adaptation to salt.

10. UNIVERSITY OF CALIFORNIA
Berkeley, CA 94720

THE RELATION OF ALLOZYME HETEROZYGOSITY TO GROWTH UNDER $56,170

INBREEDING AND OUTCROSSING IN PINUS ATTENUATA
William J. Libby i
Department of Forestry & Resource Management

The proposed study will investigate the significance of heterozygosity to components of fitness.

It will

study the relation of heterozygosity to growth in 10-year-old trees growing in plantations. Allozyme
heterozygosity of selfed, outbred, and naturally pollinated trees will be related to their vegetative

and reproductive rate of ‘development. About 800 trees will be studied; their genotypes will be
characterized for about 25 polymorphic enzyme loci. The project will test the hypothesis that
heterozygosity promotes growth, fecundity, and developmental stability.



11. UNIVERSITY OF CALIFORNIA, LOS ANGELES
Los Angeles, California 90024

METHANOGENESIS FROM ACETATE, A KEY INTERMEDIATE IN NATURE $74,000
Robert A. Mah
Division of Environmental & Occupational Health Sciences
Sc¢hool of Public Health

The objective of this project is to study the Hy-oxidizing and methylotrophic methane-producing
bacteria, especially aceticlastic methanogens from various naturally occurring anaerobic habitats.
Enrichments for both-H, -oxidizing and methylotrophic methanogens were initiated by inoculating samples
from widely varying enVironmental conditions such as sediments from the sulfuretums at Wadi el Natrun,
Egypt and a solar saltern in Chula Vista, Ca. Substrates used in these enrichments included HZ/COZ,
methanol, acetate, and trimethylamine. The pH of the media corresponded to that of the inocula.

For the Wadi el Natrun samples, the pH ranged from 7.3 to 9.5 and the salt concentration from < 1.0 to
> 27%. The pH of samples from the saltern was ca. 7.3, and the salinity was near saturation. Vessels
containing H,/CO, as substrate produced methane more readily and more often than those with methylo-
trophic substrates. Methanogenic cocci, rods, and filamentous cells were presumptively identified by
fluorescence at ca. 340 nm in both H,/CO, and methylotrophic media. Isolation of these methanogens

is now underway, and at least one of the Egypt samples will yield an axenic culture soon. Another
strain of halophilic methanogen from the solar saltern is currently in co-culture and will also be
obtained in axenic culture. Because of the unusual environmental conditions of the samples (pH,
salinity), we expect to describe some new species of methanogens.

12. UNIVERSITY OF CALIFORNIA, SANTA CRUZ
Santa Cruz, California 95064

TONOPLAST TRANSPORT AND SALT-TOLERANCE IN PLANTS $60,000
Lincoln Taiz
Biology Department

Salinity (excess sodium chloride) is the most widespread limitation on crop productivity in the world
today, yet many wild halophytic species, such as Salicornia and Distichlis, thrive under saline condi-
tions., One of the distinguishing features of halophytes is their ability to take up sodium chloride

into vacuoles, thus avoiding toxic effects on the cytoplasm. We are hypothesizing that the tonoplasts

of halophytes may be specialized for transporting sodium, and that this property may reside in the tono-
plast ATPase or in a specific membrane carrier protein. Our goal is to study the transport properties

of purified isolated tonoplast vesicles from halophytic species, such as the grass, Distichlis, and to
compare these properties with those of a nonhalophytic crop plant, Zea mays. ur studies indicate that
the primary transport mechanism on the tonoplasts of corn is an' electrogenic H -ATPase. Chloride ions
are taken up by corn tonoplast vesicles in response to an inside-positive electrical potential generated
by. the proton pump. Detailed characterization of the transport properties of corn tonoplast vesicles
will establish a basis from which comparisons with halophytes can-be made. We are also purifying the

H -ATPase for a detailed analysis of its structure and enzymatic properties. Preliminary results suggest
that it is a multi-subunit enzyme having two major subunits with molecular weights of 70,000 and 60,000
daltons., Antibodies to these two subunits are being prepared, which will aid in the further purification
of the enzyme. It is hoped that understanding the mechanism of ion transport across halophyte tonoplasts
may one day allow salt tolerance to be introduced into crop plants by recombinant DNA techniques.




13. THE UNIVERSITY OF COLORADO
Boulder, Colorado 80309

STUDIES ON OLIGOSACCHARINS, CARBOHYDRATES POSSESSING $116,690
BIOLOGICAL REGULATORY ACTIVITIES

Alan G. Darvill and Peter Albersheim

Department of Chemistry

This‘ptoject entails identifying, 1isolating, and characterizing naturally occurring carbohydrates that
possess biological regulatory activities. Such carbohydrates are called oligosaccharins. We observe
that oligosaccharides, when released from the coufines of the plant cell wall, regulate a variety of
physiological functions in plants. More specifically, we are studying the purification and identifica-
tion of (i) an oligosaccharin of plant cell wall origin that elicits phytoalexin (antibiotic) accumula-
tion in plant tissues and that acts synergistically with a hepta-a-glucoside phytoalexin elicitor of
fungal mycelial wall origin; (ii) an oligosaccharin, and enzymes involved in its metabolism, that in-
hibits 2,4-D-promoted growth 1in pea epicotyls and that may be involved in feedback control of auxin-
stimulated plant growth; (i1i) an oligosaccharin, hypothesized to be a trigger of the hyperseansitive
resistance response, that has been isolated from both monocot and dicot cell walls and that inhibits the
incorporation of [ "'Clleucine into proteins in both monocot and dicot cells; (iv) an oligosaccharin that
inhibits flowering in duckweed (Lemna gibba G3) and tobacco cultures; (v) oligosaccharins that induce
flowers, roots and vegetative bud primordia in isolated tobacco epidermal strips; and (vi) polysaccha-
rides found in maple sap that indicate the presence of oligosaccharin-type molecules in the major con-
ducting fluids of plants, molecules that, themselves, may have regulatory properties within plant tis-
sues.

14. THE UNIVERSITY OF COLORADO
Boulder, Colorado 80309

STRUCTURAL STUDIES OF COMPLEX CARBOHYDRATES AND PLANT $145,850
CELL WALLS

Michael McNeil, Alan G. Darvill and Peter Albersheim

Department of Chemistry

The cell wall is not only a determinant of structure and morphology of plants, but also a source of car-
bohydrates with biological regulatory functions and an important organelle in host-pathogen interac-
tions. This graat funds our efforts to isolate and structurally characterize the complex carbohydrates
that constitute about 90% of the walls of growing plant cells. Our research includes developing methods
to purify and structurally characterize complex carbohydrates. Sources of the polysaccharides for this
study include cell walls 1isolated from dicot, monocot and gymnosperm suspenslon-cultured cells and the
extracellular polysaccharides secreted by these cells. The curreat foci of our research are a xyloglucan
hemicellulose and two pectic polysaccharides: rhamnogalacturonans 1 and II. We have shown that these
polysaccharides possess unexpectedly complex structures. RG-II, for example, contains at least 12 dif-
ferent glycosyl residues that include aplosyl, 2-O-methyl fucosyl, 2-O-methyl xylosyl, aceric acid (3-C-
carboxy-5-deoxy-L-xylosyl) and KDO (2-keto-3-deoxy-manno-octonic acid). The structures of these polysac-
charides are further complicated by the occurrence of O-acetyl esters on some of the glycosyl residues.
We are developing methods to structurally characterize complex carbohydrates that include techniques to
identify the exact locations of such O-acetyl and other bage-labile substituents. We are also developing
a procedure that employs lithium/ethylenediamine to degrade uronosy! residues {an such a way that the
neutral glycosyl residues of the polysaccharides remain intact. This method is particularly applicable
to furthering the structural characterization RG-I and RG-II.



15. UNIVERSITY OF COLORADO
Boulder, CO 80309

THE GENETICS OF PATHOGENICITY OF THE PYRICULARIA $87,570 .
Barbara Valent and Forrest G. Chumley
Department of Chemistry

The Pyricularia are important fungal pathogens of cultivated and wild grasses. Individual field iso-
lates of Pyricularia infect one or a few different species of grasses. Rice-infecting isolates exist as
many races, defined by the variety of rice cultivars they can attack. A goal of this project is to
conduct a genetlc analysis of the differences in host specificity exhibited by various Pyricularia iso-
lates. We have observed that field isolates of Pyricularia vary in fertility according to host range.
Isolates pathogenic to goosegrass (Eleusine indica) have moderate fertility while those pathogenic to
rice have very low fertility. We have increased the fertility of isolates that infect goosegrass by a
systematic program of inbreeding and selection. These fertile laboratory strains are now being used in
a program to develop fertlle rice-infecting strains. Our program for improving fertility in Pyricularia
field isolates has already led to the identification of Pyricularia genes that play a role in determin-
ing host specificity. For example, analysis of sexual crosses conducted between an isolate that infects
goosegrass but not weeping lovegrass (Eragrostis curvula) and another isolate that infects weeping love-
grass but not goosegrass indicates that single gene differences control pathogenicity to each host spe-
cies. In coantrast, sexual crosses between rice-infecting strains and goosegrass-infecting strains
reveal differences at several loci that determine the ability to infect rice. Among the rice-infecting
progeny, we have detected a single gene that controls the ability to infect a rice cultivar that carries
the resistance gene, Pi-ta. Molecular genetic analysis of these pathogen genes and others will lead us
to an understanding of mechanisms determining host specificity of an important plant pathogen.

16. CORNELL UNIVERSITY
Ithaca, New York 14853

STUDIES OF PHOTOSYNTHETIC ENERGY CONVERSION $35,927
Andre T. Jagendorf
Section of Plant Biology

Several species of unicellular marine diatoms are known to display considerable physiological plasticity
with respect to their photosynthetic antenna size and composition in response to variations in growth
irradiance. We propose to investigate the effects of ambient light intensity on the two major functions
of antenna pigment-protein complexes: (1) efficient light harvesting and transfer of excitation energy
to the photochemical reaction centers, and (2) control of the distribution of excitation energy between
the two types of reaction centers. The light harvesting pigment-protein complexes of the diatoms
Phaeodactylum tricornutum and Skeletonema costatum are being isolated by mild detergent treatment. The
composition of these complexes is being analyzed w1th emphasis on the accessory pigments chlorophyll ¢,
and ¢ [ and the carotenoids fucoxanthin, d1ad1noxanth1n, and diatoxanthin. The relative antenna size

of and efficiency of energy transfer to PSI and PSII are being estimated from the kinetics of P700
photobleaching and fluorescence induction, respectively. The kinetics of fluorescence induction and the
reduction of the primary quinone acceptor of PSII (AA32 ) are being measured simultaneously to assess
the heterogeneity of PSII reaction centers. The contro? of excitation energy distribution between PSI
and PSII is being investigated by observing slow changes in fluorescence yiela and rate of oxygen
evolution (State I - State II transitions) as a function of excitation wavelength. Through analysis of
the effects of enhancement, the action spectra of PSI and PSII are being individually determined. 1In
combination with measurements of pigment and reaction center concentrations, this allows the calculation
of the number of each type of pigment molecule participating in PSI or PSII light harvesting. The
influence of growth irradiance on chloroplast ultrastructure is also being investigated.




17. CORNELL UNIVERSITY
Ithaca, New York 14853

EFFECTS OF FREEZING AND COLD ACCLIMATION ON THE PLASMA $63,100
MEMBRANE OF ISOLATED CEREAL PROTOPLASTS

Peter L. Steponkus

Department of Agronomy

The ultimate goal of this project is to develop a mechanistic understanding of cold acclimation and
freezing injury to provide a basis for genetic engineering and traditional breeding studies for the im-
provement of plant cold hardiness and to provide for the formulation of effective protocol for the cryo-
preservation of plant germplasm. Cryomicroscopic observations reveal that destabilization of the plasma
membrane can occur at various times during a freeze-thaw cycle and may be manifested as any one of sev-
eral symptoms. In non-acclimated protoplasts, the predominant form of injury is expansion-induced lysis
due to irreversible endocytotic vesiculation of the plasma membrane. Current studies of the mechanical
properties and ultrastructural characteristics of the plasma membrane are directed to the formulation of
a quantitative theory to explain membrane behavior during freeze-induced osmotic contraction/expansion
and the influence of cold acclimation. A second form of injury is due to the loss of osmotic responsive-
ness following cooling and is associated with dehydration-induced lamellar to hexagonalyp phase transi-
tions in the plasma membrane. Current studies are directed to the influence of cold acclimztion and
carbohydrates on the incidence of these phase transitions. Both non-acclimated and acclimated proto-
plasts are subject to intracellular ice formation when cooled rapidly because mechanical failure of the
plasma membrane results in seeding of the cytoplasm by extracellular ice. During rapid cooling, plasma
membrane failure is associated with the generation of electrical fields during the freezing of the
suspending medium. Current studies are directed to measurement of the spatial and temporal character-
istics of the electrical field and the electrical properties of the plasma membrane. Isolation of
purified plasma membrane vesicles has been completed. Compositional analyses are in progress.

18. CORNELL UNIVERSITY
Ithaca, New York 14853

THE TMPORTANCE OF PHYTOALEXIN TOLERANCE AND DETOXIFICATION : $59,297
FOR PATHOGENICITY.

Hans D. VanEtten and David E. Matthews

Department of Plant Pathology

The ability of plants to produce antimicrobial compounds (phytoalexins) in response to infection is
believed to play an important role in preventing many microorganisms from causing disease. However,
phytoalexin-producing plants are nonetheless susceptible to some diseases. Our research has demonstrat-
ed that one means by which successful pathogens overcome this potential resistance mechanism is by
detoxifying their hosts' phytoalexins. The fungus Nectria haematococca can cause a root and stem rot of
pea (Pisum sativum) even though the infected tissue accumulates high concentrations of the phytoalexin
pisatin, Virulent iscolates of this fungus detoxify pisatin by a demethylation reaction. In progeny of
crosses between appropriate fungal isolates, pisatin demethylation segregates as an essential trait for
virulence on this host. We have recently found that N. haematococca possesses at least 4 independently
acting genes for pisatin demethylation. Two of these genes confer only low rates of demethylation, and
do not enhance virulence toward pea. We are currently working to determine the relationship between
these genes and the enzyme pisatin demethylase. The enzyme activity in one highly virulent, rapidly
demethylating isolate of the fungus has been characterized as a substrate-inducible microsomal cytochrome
P-450 monooxygenase. The two required components, NADPH-cytochrome ¢ reductase and cytochrome F-450,
have been solubilized and resolved chromatographically. Further purification is underway. Data on the
substrate specificity and inhibitor sensitivity of this enzyme are also being collected. Comparison of
the physical and catalytic properties”of this enzyme with the properties of pisatin demethylase prepara-
tions from other isolates of known genotype will help test the hypothesis that N. haematococca possesses
multiple structural genes for pisatin detoxifying enzymes.
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19. CORNELL UNIVERSITY

Ithaca, New York 14853

STUDIES OF THE GENETIC REGULATION OF THE THERMOMONOSPORA $60,277
CELLULASE COMPLEX

David B. Wilson
Department of Biochemistry, Molecular and Cell Biology

The goal of this project is to construct recombinant organisms which overproduce the most active
cellulases produced by the thermophilic bacterium, Thermomonospora YX. Enzymatic screening of E.
coli cells transformed by two different Thermomonospora gene banks has identified two genes which
produce proteins with CMCase activity. Neither of these genes codes for a major Thermomonospora
cellulase. E. coli clone banks will be screened using an antiserum against Thermomonospora
culture supernatant that reacts with the major cellulases. Any clones which are positive in this
screening will be tested using the specific antisera prepared against each purified cellulase that
has been made. If this method fails, then gram positive organisms will be used to construct a
Thermomonospora gene bank, which will be screened for the ability to make cellulase and the
ability to make proteins which react with the antibody. The originally isolated cellulase gene is
also being subcloned to construct E. coli strains which overproduce this enyme. Once the best
method for doing this is found, it will be used to construct strains which overproduce any major
cellulase genes which are isolated. In addition to constructing strains which overproduce
cellulases, attempts will be made to construct strains which can grow on cellulose. If these are
constructed, they will be used to try to isclate mutant cellulases which are resistant to
inhibition by cellobiose by direct selection of mutagenized cells on plates containing cellulose
and cellobiose.

20. CORNELL UNIVERSITY
Ithaca, New York 14853

MICROBIAL ECOLOGY OF THERMOPHILIC ANAEROBIC DIGESTION ' $68,083
Stephen H. Zinder
Department of Microbiology

The objective of this project is to provide an integrated understanding of the ecology of the microbial
populations in a thermophilic (58°C) laboratory-scale digestor being fed a lignocellulosic waste. Among
the methods being used to study these organisms are: 1) viable counts and culture studies using habitat
and niche simulating media; 2) direct microscopic observation of populations using phase-contrast,
epifluorescence, and electron microscopy; and 3) l4c_radiotracer methods to study carbon flow to methane
and physiological ecology of the digestor populations. Results obtained thus far include: 1) the
apparent displacement of Methanosarcina by a previously undescribed thermophilic Methanothrix as the
dominant aceticlastic methanogen in the digestor. A culture of this Methanothrix is now isolated and is
currently being characterized; 2) the co~isolation of a two-membered coculture which converts acetate to
methane using interspecies hydrogen transfer; 3) the demonstration that the overall temperature responses
of the digestor are greatly dependent on the temperature responsés of the dominant aceticlastic
methanogen; 4) the demonstration that when Methanothrix was numerous in the digestor that methanogenesis
from acetate was the process most easily saturated; and 5) the development of a method to enumerate
autofluorescent methanogens in the digestor sludge. Current research centers on studying carbon flow to
methane using an HPLC system to fractionate 14C~label, and studies on improving digestor startup by
adding specific methanogenic cultures. ’
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21, DESERT RESEARCH INSTITUTE, UNIVERSITY OF NEVADA
P.0. Box 60220, Reno, Nevada 89506

GAS EXCHANGE CHARACTERISTICS OF LEAVES AND THE BIOCHEMICAL $42,100
REACTIONS LIMITING PHOTOSYNTHESIS .
Thomas D. Sharkey
Biological Sciences Center

The objective of this research is to characterize the outward manifestations of various limitations on

the instantaneous rate of photosynthesis in intact leaves. A specially constructed high speed freeze
clamp-gas exchange chamber will be used to take samples of leaves whose gas exchange characteristics have
been determined. These experiments will test predictions made by recent models of photosynthesis and
identify those areas where our understanding of photosynthesis is incomplete. Particular attention will
be paid to the biochemical limitation that occurs in plants growing under optimal conditions. Current
indications are that the capacity of plants for triose phosphate utilization (TPU) can impose a limit on
the rate of photosynthesis. TPU limited leaves are being studied by gas exchange analysis (especially for
oxygen sensitivity), by metabolite analysis of rapidly frozen leaves, and by room temperature steady state
fluorescence. The pool size of orthophosphate (P;) inside the chloroplast will be measured and the Pj
metabolism modeled to see how the P; level changes during the TPU limitation and whether modification of
P; metabolism would result in plants with a higher capacity for photosynthesis. These studies are
intended to determine the importance of the TPU limitation to photosynthesis rates and explore the
interface between photosynthesis in chloroplasts and the physiology of the rest of the plant.

22. FLORIDA STATE UNIVERSITY
Tallahassee, Florida 32306

GUARD CELL BIOCHEMISTRY 385,000
William H. Outlaw Jr.
Department of Biological Science

Most H90 and COy exchange betwee